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CHAPTER ~I 
The need for investigation ·nto suction requirements 
for piston or plunger type PUDl;PS was recognized by Professor 
Harry Mo Wyatt, Jr., after an ex ensiv~ field study. The 
research conducted by Mr. Wyatt onsisted of approximately 
150 tests of different installat·ons in the states of 
Oklahoma, Texas, Louisana, Kansa, Kentucky and Illinois. 
It was discovered by Mr. Wyatt tat there are no consist-
ent methods for designing suctio piping and that the val-
ues of minimum suction pressure uoted by men in the field, 
pump manufacturers and distribut rs were not standard for 
any given pump. They were, · in g neral, simply ·"rule of 
. ; . 
thumb 90 answers. Extensive resea in this field is obvi-
ously needed. 
A survey of the literature conducted. It was 
found that much work has b·een do e in the · field of pressure 
surge elimination (Wyatt !' [l] and Waller [2]), design of 
discharge pipi~g, centrifugal pup suction design (Lester 
[3] and Hicks [4]), etc., but no references were foundthat 
indicated where research had bee done on suction require-
ments for a particular Triplex p p. The Standards of~-
draulics Instit:uteJ(6) g·i.ves minim suction lift for trade 
1 
pumps, but this cannot be applie to a particular triplex 
pump o 
This study i s the result of a research project fi-
nanced by Gaso Pump and Burner C mpany , Tulsa, Oklahoma . 
The pump investigated was a Hori ontal Tripl ex Plunger 
Pump (Gaso Fig. 3365). 
2 
The primary object of this 
effect of different suction pr•s 
was to determine the 
on pump performance 
and operation for each of three uction piping arrange-
ments. These suction conditions were: double suction, 
single-side suction, single-cent r suction. (~.ee:Ffgµre ·2~1 ,.) 
Tests were made at three di speeds: 250, 350, 
and 400 rpm, and at maximum reco ended discharge pressure 
of 800 psigo 
The secondary object was th determination of capaci-
ty, horsepower required, and ove -al l efficiency as a func-
tion of pump speed. 
The results of the study ar shown by plotting suction 
pressure versus efficiency fore ch speed and suction 
piping arrangement. Capacity; p wer, and efficiency curves 
are also presented. A detailed ist of test equipment, a 
discussion of test procedure, an estimation of the accuracy 
of plotted results, and recommen ations for further study 
are inc 1 uded o 
CHAPTER I 
DISCUSSION OF SUCTIO REQUIREMENTS 
For a number of years, pump users and designers have 
been aware of the need to focus pecial attention on suc-
tion pipingo Manufacturers of c ntrifugal machines adopt-
ed the concept of minimum net po itive suction head and 
have employed this concept exten ively. Reciprocating ma-
chines have not been completely eglected either. VilliamM. 
Barr (5)~ in a volume published i 1899, stated that suction 
piping for piston and plunger p ·. ps "should be as short and 
direct as possibl~" and that "th y must be tight".. He 
stated that failµre to have the uction pipes "absolutely 
tight u would mean "uncertainty 
not complete failure of the 
which it was intended u., It 
d loss of efficiency, if 
to perform the service for 
thetic that, even though 
piston and plunger pump designer were aware of suctionre-
quirements many years ago, very ittle was actually done by 
the manufacturers to define the peeific conditions that 
are necessary for efficient and mooth operatio~. The 
Standards of H.ydraulic Institute (6) provides a chart ·that en-
ables one to obtain es of maximum permissible 
lift, but as stated ards ", "The suction lift 
obtainable with a reciprocating ump is affected by the 
3 
type of pump as well as the desi n of suction valves, 
pistons, and suction passages"; herefore, values taken 
4 
from the "Standards" may not be · to a particular 
pumpo The question still What is the minimum 
value of suction pressure at whi h the pump can be operated 
smoothly, without loss of .effiei 
In all fairness to the cust distributor, the 
pump manufacturer should be able to provide a definite 9 
intelligent answer to this quest on and to many others 
which ariseo 
Another question of immedia e concern to pump manu-
facturers is~ Does location of uction piping affect ef-
f'iciency? 
The objective of this study was to answer these ques-
tionso 
It is an established fact tat suction pressure does 
affect pump efficiency and opera iono The major factor af-
fecting these is a phenomenon re erred to as cavitationo A 
discussion of cavitation and its effects, as well as a dis-
cussion of location of suction p·ping 9 f'ollowso 
Cavitation and is Effects 
If a liquid is being pumped,and,if at the same point 
in the liquid flow the existing luid pressure equals the 
vapor pressure of the liquid pum ed at the existing temp-
erature'1 the liquid will vaporiz forming a·cavity or void .. 
In the particular type of pump t sted, the most probable 
5 
places for cavitation to occur a e in the passages around 
the intake valveso Those are th smallest flow areas; 
therefore, the velocity of flow s greatest, resulting in 
the least pressure. 
The result of the fluid rizing is that the cylin-
der is filled on the suction ke with a mixture of va-
por and liquido When the piston passes top dead center 
and begins to compress the mixt e, it moves relatively 
unopposed .until the vapor press e of the liquid is reach-
ed. The discharge valve will no have opened at this 
pointo When the vapor pressure f the liquid is reached, 
the vapor suddenly condenses, 
a large resistance to motion. 
thus, slammed open, resulting 
s, the piston encounters 
e discharge valve is, 
noisy, inefficient opera-
tiono The forces developed by tis action are great enough 
to cause serious damage to pump arts; therefore, the pres-
sure on the suction side of a iprocating pump must be 
kept above the vapor pressure of the liquid being pumped in 
order to prevent cavitation. 
It should also be noted tha, when operating a pump 
1., 
under a condition of suction lif , leaks in the suction 
system can cause the same effect as vaporization of the 
liqu:j.d being pumped . When a l ea is present in the suction 
piping, air is drawn into the sy tem and the entrained air 
produces effects similar to thos produced by the fluid 
vaporizing, hence, Mr . Barr's st tement that suction piping 
must be 90 absolutely tight 11 0 
Effect of Location of Suction Piping 
The designers of the parti ular pump tested recom-
mend that the pump should be run with either single side 
suction or double suction depend·ng upon the speed of the 
pump o A proposal was made, by tis group, to investigate 
6 
the feasibility of operating the a single suction 
entering at the center of the in ake manifold. These three 
arrangement are shown in Figure -1. 
The connections necessary t obtain the various ar-
rangements are outlined in the f llowing Table. (Please 
refer to Figure 2- lo) 
TABLE II I 
CONNECTIONS NECESSARY FOR sue ION PIPING ARRANGEMENTS 
Tne of Flange e of Suction 
Double Single Side Center 
Open pipe flange at Ports 1 Port 1 Port 2 
and 3 
Blind flange at Port 2 Ports 2 Forts 
and 3 and 
1 
3 
The pump tested was designe in 1949 0 This series of 
triplex pumps was first built wi 2-inch suction and 
'\ . ..._ 
Side Suction-
Flow Enters 
Center Suction 
Double Suc~ion -- Flow 
Enters 
Fig o 2=1 
Sketch of Pump Manifold and Suction Pi ping 
··;:.:.Pump 
Discharge 
-..J 
manufacturers recommendations wee to operate with double 
suction at speeds greater rpmo This recommenda-
tion, according to Mr. H. ecke, Chief Design Engi-
neer, Gaso Pump and Burner Comp y, was the result of a 
limited number of tests conducte . on the original pump. 
The tests indicated smoother ope ation with double sue-
tiono A model of ::this · pump with 3-inch suction was bu'i.lt 
in 1957 0 Again, double suction as suggested for speeds 
above 200 rpmo This recommendat'on followed a series of 
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tests run on the pump with noise level and smoothness of 
operation as the criteria for op imum performance. It is 
now an established fact that the side suction is the noiser, 
however, this does not mean 
ficient. Some leading pump 
surging action against the 
supercharge one or more of 
sarily that it is less ef-
ners believe that the 
flange could possibly 
linders, causing an in-
crease in efficiency. With this in mind, efficiency and 
otner factors were considered in this study. Each of the 
' 
suction conditions will now be c nsidered separately. 
Single Side uction 
Field tests have shown this arrangement to be very 
noisyo It is thought that then ise is due to the fluid 
surging against the blind flange A noted design engineer 
related instances where the repl cement of the blind flange 
with a bull plug eliminated some of the noise . The bull 
plug partially eliminated the s ges by changing the length 
of the chamber to avoid resonap.e or by absorbing the pres-
sure waves o The dampening ·. of th surge by using the bull 
plug varified that the bli~d 
knoekingo 
. . 
This e ondi tion, ope,ra,t-ion . 
with the eliminat.ion of' the . es, ·. causes a condition. 
of extreme turbuleneesinee two luid· streams az,e trying 
to flow in opposite di:reetionso. A loss o;f efficiency 
eould result from this increasedturbulenceo 
Single·Ce.nter Suction 
This arrangement has 
er two piping systems o. 
·. t advantages over the oth-
no opposing streams., ... as 
in double suetion 9 therefore, t ... ·· · flow should be less tu-
bu.lento The center suction m also has several advan-
tages over the side suction (ihe_ initial di-
r~etion of the flui·d motion is n ·t perpendicular· to the 
flanges, therefore, lei9s v~::Orati :n. should oeeur. The cen-
ter suction should be more effie. · ent than the side system 
beeause there occurs less.bendi: the stream lines with 
center su.ctiono 
The apparatus tested was a Horizontal, 
Triplex Plunger Pump (Gase Fig. .65) manufactured by Gaso 
Pump and Burner Company, T-u.lsa, The p'Ump had a 
stroke of three inches with a two and one-half inch bore. 
The capacity of the pump Wa13 appr :ximately 93 bbls/hr. at 
350 rpm with a maximum operating ·ressure of 805 psi. 
For complete description of his pump, see page 13, 
Gaso catalogue. 
Instruments and Appa atus Employ~d 
Io POWER 
Ao Oil Field Engine 
Nfgr: 
Hodel: 
Typei. 
Bore: 
Stroke: 
Displacement: 
Buda Company, Harvey, Illo 
K-42·· 
Vert·eal·uLn Head, Four ey;cle 
4 3/ VO. . , 
Lj. 3/ ID 
428 1.1. Ino 
Note: This engine was precisely calibrat~d by 
.the test group · n order to predict tb.t 
power input -to he pump o (See Appel;l.d'i:x 
A, page 45 for detailso) 
10 
II .. FLOW CONTROL AND STABI 
Ao High Pressure Gate 
H.f'gr: Vogt 
Siz.e: 2 fl 
Rating: 800 
Cat. No: 5-953 
Laboratory Equipme • 
centrifugal pump p 
to a tank so piped 
head to test appara 
Several Low Pressur 
Sizes 
D. Stabilizer 
11 · 
IZATION 
alve 
·ompany, Louisville, Ky .. 
at 750 OF 
S"W 
: This consisted of a 
ping from a large sump 
o deliver a constant 
us. 
Gate Valves of Various 
l"Ifgr: Pulsa ing Engineering Co. 
Tulsa, Oklahoma 
E. Desurger 
l"Ifgr: Westi house Air Brake Co. 
Wilme ding, Pa. 
III. FLOW flEASUREliENT 
Ao Volumetric Tank: Se Appendix B, page 
for calibration and fabrication details. 
B. Platform Scale 
Mfgr: 
Serial No: 
Capacity: 
Least sub-
division: 
Howe cale Co., Rutland, 
Vermo t 
60050 3 
250 L So 
Note: These scales wer recently purchased and 
calibrated .. 
C. Tank Equipped With ate Valves 
Do Diverter 
See Appendix B for fabr cation detailso 
IV. THUNG 
A. Electric Timer 
Mfgr: 
: Type: 
No: 
Least Sub-
division.: 
B.. Two Electric 
Mfgr1 
Least Subdi-
rd Electric Time Co. 
field, Hass. 
e. 
rd Electric 
field, Mass. 
visio~~ 1: ·:.01 Mn. 
Least Subdi-
vision, 2: .001 in. 
c. Stopwatch 
Mfgr: Sonex 
Least Subdi-
vision: 0.1 Se. 
V., PRESSURE 
A. Well•T1l)e Manometer 
Mgr: Trimo t Inst. Co. 
Chica o, Ill. 
Type: 30 w 
· Serial No: 2033 
Range: 0-30" 
Least Sub di-
vision: 0.1 I ch 
Fluid used: Oil 
-
s.p. = l 
B. Well~TJPe Manometer 
Mfgr: Meri. 
Cleve 
'W 
A-324 
None 
InstrWJ1ent Co. 
and, Ohio 
Type: 
Model: 
Serial No: 
Least Subd.i-
v±·s·ion·: 
Fluid.used: 
0.1 I ch·es· 
Mere y 
12 
Co Well-Type Manometer - Multiple-Scale 
Selection 
Mfgr: 
Type: 
Serial No: 
Range: 
Scale Ysed: 
Range: 
Leia.st Subdi-
vi.eion: 
D •. Pressure Gage 
Mfgr: 
Type: 
Range: 
Least Subdi-
vision: 
Meri Instrument 
Cleve and, Ohio 
A-338 A 
a2ao· 
61 In hes 
Pound per Square Inch 
0-30 si 
Jas. • Marsh Corp. 
Skoki , Ill. 
Bourd n tube 
0-100. psi 
E. Aneroid Barometer 
Least Subdi-
vision: .02 
VI. SPEED 
A. Bristol Counter 
Mfgr: 
Range: 
B. Strobotac 
Hfgr: 
Type: 
Serial No. 
Range: 
Least Subdi-
vision: 
G. J. Root Co. 
Brist 1, Conn. 
4 dig ts 
Gener 1 Radio Co. 
631-B 
27952 
600-3.00 rpm 
10 rp. 
c. Revolutions Counter 
Mf'gr: 
Noo 
Type: 
Least Subdi-
vision: 
Mille 
73310 
J52 
and Falls Co. 
lution 
13 
VIIo TEMPERATURE 
Ao Thermometer and Wel 
Mgr: Re,:fin ry 
Range: 
Least Subdi-
vision: 2°F 
B. Two Liquid in Glass Thermometers 
H.fgr: 
Range: 
Least Subdi-
vision: 
Fi she Instrument Co. 
VIII. CALIBRATION:'..INSTRUMENTS 
A. Dead Weight Tester 
M.fgr: 
Type: 
Serial No: 
Range: 
Bo Dynamometer 
H.fgr: 
No, 
'llype: 
Model: 
690 amp; 
Capacity: 
Manni g, Haxwell and Hoore, 
Inc 
1300 
1-57- O 
10 to 2500 psi 
1 Electric 
?2786 8. 
TLC 2 ·56H 
26-6- 39 
As motor - deli ers 200 hp 
As generator - absorbs 250 hp 
Torque Arm= 21.0 8 In. 
c. Dynamometer 
H.:f'gr: o Scale Co. 
Model: 
Serial No: 
Capacity: • 
14 
15 
Do Tank and Scales (I ems 1 and 2 under III -
FlQw Measurement) 
Preliminary PrQeedur~-
Preparation for the conduct on of the actual experi-
ment was considerably more exten 
deal more time than did the test 
required a great 
Analytical in-
ves-tigation was made of the vari · us methods for dete;i:-min-
:j.ng power input to.the pump, mea uring flow.rate, deter-
mining pump speed, measuring as ,ging pressure and meas-
uring increments of time. Suita le instruments and meth-
ods were selected and. employed. These are outline4 in a 
following paragrapho The power nput to the pump was de-
termined by testing the Buda Eng ne and plotting suitable 
curveso A summary of the engine test is included in 
Appendix A9 page 450 After the ngine was tested, instru-
mentation selected, and necess 
test stand was oonstructedo 
necessarily in building the 
contained only two persons; 
was of prime. concern a. 
equipment fabrieated,the 
ingly, time was spent un-
setup, but the test group 
fore, ease of operation 
The test stand as construct d was quite versatile. 
The suction piping was arranged o that it could be con-
nected in any one of the three stated previ-
ously and altered for negatives etion.with a minimum of 
efforto 1igure 3-1 shows the 
. (Posit·ive or negative) o 
center suction 
16 
FIGURE 3-1 
C :;;; :: T E R S U C T I O N P I P I G A R R 1:.. I·T G E n E r,r T 
• 
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It should be noted that the ump was never run with 
an extraneous suction pipe coD.JJ.ectedo Blind flanges were 
always installed on the pump for any suction port that was 
not being usedo 
Procedure 
Every effort was made to attain simplicity in the test 
proeedureo Some of the instrume ation may seem unduly 
complicated and too precise fore periments of this nature, 
but preliminary tests indicated at the difference in re-
sults obtained from the three 
would be small; therefore, it 
ion piping arrangements 
necessary to keep instru-
mentation error at a minimumo T instruments as they were 
used by this group gave sufficie accuracyo 
Before discussing the test p ·· ocedure, it should be 
noted that care was exercised in -he· installation of the 
Buda Engine on the pump to insure that conditions affect= 
ing power output; namely, exhaust pressure, fuel pressure, 
etco~ could be altered to agree e actly with calibration 
conditions., 
Test runs were made at initi 1 pump speeds of approx-. 
imately 250~ 350 9 and 400 rpm, fo each of the three suc-
tion piping arrangementso With t e pump running at a con-. 
stant speed and with a given pipi.g system 9 the suction 
pressure was varied from 5 psig t that point at which a 
noticeable decrease in volumetric efficiency or excessive 
knocking occurredo This ed a total of (151) runso 
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Conducting so many runs seems an extravagant waste of 
time, but it was deemed necessa to obtain realistic and 
reliable resultso 
All tests were run at a discharge preisure of approx-
imately 800 psigo 
For positive suction pressure readings, the test pro-
cedure was basically as follows: Suction pressure, dis-
charge pressure, fuel pressure, d engine speed (i. eo, 
pump speed) were set to predeter ined values and held rel-
atively constant o Records were ept of these values to in-
dicate that they did remain constanto Flow rate, manifold 
vacuum and ~as temperature were easured and recorded. 
The procedure was basically same for the negative 
suction runs, but that when cavitation 
began to develop') the engine speed increased while dis-
charge pressure remained constant. This was due to a de-
crease in flow rateo Before begi ning a run, effort was 
made to allow the engine speed to stabilize, however, in 
some instances this was not possi leo Flow rate and en-
gine speed were averaged for rel tively the same time in-
terval; thus, results obtained wee reasonably realistieo 
Methods of Heasurement 
To satisfy the stated object ve of the test, observed 
data included those quantities the following Ta-
bleo The Table also indicates t of the item as 
read from the instrument and the ethod employed to obtain 
the measurement of the quantity. 
TABLE III-
METHODS OF MEAS REMENT 
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Observed Data Units Method of Measurement 
lo 
2. 
6. 
8. 
10. 
11. 
12 .. 
Approximate speed 
Manifold vaculJ.Dl 
Fuel pressure 
Fuel temperatures 
Suction pressure 
Discharge pressure 
Pump revolu~ions 
Time 
Weight on seales be-
fore and after addi-
tion of fluid to 
volumetric tank ... 
Time to till tank 
Barometric pressure 
Water temperature 
rpm 
In.-Hg. 
0 ,., F 
psi 
psi 
rev. 
Minutes 
Lbs. 
Seconds 
In.-Hg. 
Strobotac 
Meriam well-type mano-
meter. 
Fluid - Hg. 
Tri-mount well-type 
manometer. Fluid-oil 
sp.gr. = 1 
Liquid-in-glass 
thermometer 
Special Merriam well-
type manometer. Seale 
read directly in psi. 
Fluid - Hg. 
Bourdon pressure-gage 
Bristol Mechanical 
Counter 
Electric timer. 
Platform scales 
Electric timer 
Aneroid Barometer and 
Meteorology Department 
of o. s. u. 
Liquid-in-glass ther-
mometer 
Figure 3=2 shows the pressur measuring instruments 
and location of surge dampenerso 
20 
The procedure and methods li ted on the preceding 
pages made possible the attainmen of the stated objective 
of the test, and; therefore, cone ude this description of 
the test methodso 
FIGUEE 
F L U I D E N D T I-I E p u r; p 
Note - Pressure mea sl,ri .g instrunents and 
location of surL, carr;:,eners. 
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CHAPTER I 
DISCUSSION OFT ST ERROR 
· It is desirable to know the over-all accuracy of this 
testo In other words, one would like to be able to state 
that the plotted results ate within a certainper-
centageo. The estimation 
termination of the accuracy, or 
ity of a group of points, 
app~oacho The results of 
to a statistical analysiso 
·le error in testing, de-
stablishment of the valid-
, requires a statistical 
lend themselves 
tistical analysis has no 
meaning or significance number of values are 
studied. In some cases in this only one and never 
more than two or three test runs made at a particular 
value of suction pressure; there a statistical study 
of the curves obtained in this t st could not be conduct-
edo Although a statistical anal sis was impractical, a 
discussion of probable errors ba ed on instrument accuracy 
is presentedo 
Volumetric Tank alibration 
The calibration procedure i outlined in Appendix Bo 
The scales used to calibrate the tank were new and they 
were calibrated with standard we'ghtso The tank was filled 
.22 
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only three times. The readings w re very consistent; 
therefore, it was considered unne essary to fill the tank 
more times. 
The three values are: 
34.107 ft.3, 34.177 ft. and 34.148 ft.3 • 
The arithmetic average of these V lumes wa,s found to be 
34.144 ft.3. The root mean squar of these numbers is 
34·o 14408. The volu,me of the tank was taken to be 
34el44 ft.3. Only three values o the tank volume were 
available; therefore, a statistic 1 analysis to obtain 
standard deviation, confidence le el, etc., has no meaning. 
A crude value of the error i volved in using 
34.144 ft.3 as the true tank vol· e is: 
; , 
Error= mEiJc:imuni deviation fr m mean mean 
34.144 -~.l07 X 10 -- 0.1-0-5~ 
= 34.144 . . 10 • 
'TJ~ QA 
v~ 
· Maximum Error in "() 
- 'Iv 
. . 7J. ax T)I/ 
maximum error in T)v = 7J,; 
(Q- ) maximized where:"() = . 'A 
· · · ?Jllax -c ~-)-m ..... i ..... m-· m_i_z_e_d 
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VT - VA (VT) . - (VA)min. QA (QA)max(· max. = TA (TA)min. 
~ Rev X D (QT)min Rev X D. = TT (TT)min. 
(VT)max =VT+ AVT 
= 34.144 + .036 = 
where: VT is volume oft 
AVT is tion = 0036 
(VA)min = (VA) - AVmenisc s - AVseales 
A~suming that the error in eading each meniscus was 
no greater than 1/8 imum error would be: 
AVmeniseus = 2 x (1/8)(1/12) , .. (4)(f44) = 0 .. 00102 ft.,3 
The scales were sensitive t 0.05 Lbo, therefore, the 
maximum error in weighing the vo um.e added to fill to the 
reference is: 
AV = scales 
'fhen: 
2 X a05 
62o3 = 0 0161 ft.3 • 
The maximum error in timing ·· as the reactive time of 
the elut~h, plus twice of one-ha the least subdivision 
. on the timero 
(TA) . = T1 - AT1 min 
AT A 
1 
= 60 sec .. + 2 x(l/2 ( .. 01) 
= 00167 + 00100 = 0 267 seco 
(TT)max = T2 + AT2 
ATT = 1/60 (ic) mino + 2 x 1/2 x oOl min. 
= ·,,00028- + .. 01 = oO 028 min .. 
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A run was chosen that would give the highest percent-
age o:f erroro Run 44 was chosen .•.·From the data., it may 
be obtained that: 
VA = Ool35 fto3 ev .. = 4300 
TA = 204044 sec .. 77 = 96~97 
T T = 10.,68 min 
VT max= 340180 fto3 
(VA)min = Ool35 ft .. 3 - 000263 .. 1324 ft.,3 
Then: 
340180 - 01324 . 
= 204 .. 413 = 
•, 
.,16656 cfs. 
(QT)min = 4300 x 2 .. 1006903 
66 X 10-3fto3 = .. 17139 Cfs,, 
60. 
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Then: 
77,max • 1~6g~ = 97 .182 • 
Maximum error in 71 = 7Zmax -.Jj>v 
"fy .. i) 
II 
= 
= 
.212 X 100 96. 97 = • 219°,,6 • 
The writer considers. the abo e to be an indication of 
t~e accuracy of this test. 
Errors in Pressure easurement. 
· All pressure measurements, w th the exception of dis-
charge., were made with well-type anometers. The manometer 
is an accura.te mea.ns of measuring pressure and, 
does not require calibration. charge pressure was de-
termined by a bourdon-tube press .e gage. This gage was 
)!.< "· 
calibrated several different time w.ith a dead weight 
testero The accuracy of measurin pressure with this gage 
was limited by the readability of the gage. The least sub-
division on the gage was 20 psig. It is the opinion of 
the writer that pressure was dete mined,·:.correct to a. plus 
or minus 10 psig or 2 1/2%. 
tation described. here, one had to 
,. 
type of instrumen-
' 
reduce the pres-
sure surges. This was aceo~plish d by placing a suction 
stabilizer in the s-q.ction piping. . d a desurger in the dis-
charge piping. 
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Errors in Determinati n of Horsepower 
Required byte Pump 
Table A-I shows that the ca ibration of the Buda en-
gine was correct to 200%. Theo ly other factor that af-
fected the accuracy of power det rmination was the inabil-
ity to read discharge pressure c 
An incorrect reading of 20 sig in discharge pres-
sure would result in a 2 1/2% er or in power determinationo 
Other Factors Affecting A curacy of Result~ 
The determination of volume ric efficiency was the 
prime objective of this study. t was considered to be the 
most indicative characteristic o the pump. There were 
several factors that did not pro in determining 
volumetric, efficiency, e caused small errors in 
other quantitieso One such facto was thevariation in 
freque:q.cy of the A .. C .. ·current 
timerso The frequency of the 
put varied during this 
to power the electric 
ersity power station out-
9o7 to 60.3 cycles per 
secondo To correct for this vari tion in frequency, one 
would have to multiply the time o tained with a timer by 
. ."',l" 
the· ratio of frequencies rr .'"' ;it{ fit Electric timers, pow-
ered by the same curr~nt, were us d to determine both the 
actual and theoretical flow 
Q 
is TJ = ~ o Each flow rate 
rection factor for frequency 
Volumetric efficiency 
tiplied by the same eor-
QA (fr). 
ti on; T'J' = ~ ( f ) 0 
···. ·r 
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The variation of lin.e frequency ·. as no effect ·on determi-
nation of volumetric efficieneyo The effect of this vari-
ation on accuracy of power deter ·nation was smallo The 
effect on either flow rate was less than Oo5%. 
Another possible souree of error was the result of 
water collecting on the sides of he volumetric tank. This 
error was eliminated by setting t reference level 
immediately after draining the t , when calibrating the 
tank and for all of the test readingso 
CHAPTER V 
The results of this study presented in Tables 
and Graphs on the following page • 
. :<~2'9 
=,:, .. : 
3 0 
Run Pb •"-e (,\pp) p ,. p T p pl TiinP \'."t. 1 \' t. 2 T g g s ReY Tilue \I" N"o (in. Hg) (RP:\!) (in. Ilg) (in Hf) c· F) (psig) (ps g) (min .. ) (lbs.) (lbs.) (sec.) ('F) 
20 28. 70 735 :>. u 3. (j D-1 5.0 800 -1750 10. 051 4,. Bl 34.42 328. 10 74· 
:JO 23. , I i:J:1 
"· 0 8.G 0-1 :i. 09 80 > -1000 16. 025 G3.60 55,25 :l29. 1-1 75 
:n 28. 72 7:rn ;i. o:> G.6 O·l :;. 02 80 l' 4:lOO 17,288 95.40 92.DB 3:lO, :w 74 
'.J2 23. 7:3 ;40 -1. 9 G.U o:i <. 03 Bill -1000 10.5:lO oo. :rn 8U.U:! :l27. 82 74 
:·:i :rn. 74 7:i;, :, . ;~ 8. 7 9:l ll. 04 71)~ 5-100 21. G 10 80,:\7 7:l. 7:l :l28. 17 74 
:;:> 28~ 8f'> 1050 ·I. 0 7.7 0-1 -1: OG HO l G:rno 17. 556 97. 01 U5. 80 228. G:l 75 
au 21l. s:i 1040 ·L 2il 7.8 0-1 -1. 07 iD, -1100 11. 512 80. 00 70. 60 230.47 76 
:n 2B.80 1().10 ·I. a 7.8 o:i :1.0:i 796 -1200 11. B2:l 7 l. 52 c;:l, -12 2:-11. 25 7G 
:rn 28, 80 lCJ.lO 4. :) 7.8 06 1. 07 70> 4000 l:l, 80-1 92,02 B7.81 2:ll, 8-1 76 
:lO 28.80 1040 4. :i 7.U 90 1, 05 7[), :moo 9,010 3:1. 82 7B.ll2 2:l:l. OU 76 
40 28. 75 ll 00 :i. 88 7,5 90 5. 0 80 l 4500 l l. LBO a:i. 20 li7. 57 2(1:l, 54 7Ci 
41 28. 75 1180 :1. 85 7. 6 f)() 4. 0 80 4400 10, !)(J8 80, 20 75,05 205, 40 76 
42 28. 75 117:i :i. 83 7.6 00 ~.08 80: 4500 11. 225 9:i. 04 B!), 20 206, (j(i 7G 
H 28. 75 1180 :i. 85 7. 5 90 2.0 BO -1:rno 10. li80 67, :,;:i 5B, flll 20~.H 76 
45 28. 75 1180 :i. 85 7,5 90 o. '07 80 4700 11. 675 02,75 80. 24 20:i, 07 77 
' 4G 28.75 720 5. 3 8.7 8(i 5. 03 80 :!GOii 14. BOO B0.64 n:i. 79 :1:n. 21 711 
47 28.75 720 5. :l 8. '7 87 4.00 801 :rnuo 14. 810 80.40 7B. 11 :l:l7, U8 78 
50 28.72 720 5. 02 8,7 85 2.03 80( :!600 14.780 D2. 5:~ 88. 111 :l:lG. G 1 BO 
51 28. 70 730 5. 1. 8.7 89 2.00 80( :noo 14. 800 05,26 89. (if :!29. 7:l 80 
5:l 28.67 720 5. 1 8.7 94 o. 93 70. :l500 14. 152 04. 1:1 81). 17 3:11: 57 BO 
5f> 28.G5 iooo 4,2 7.7 94 5. O:l 80( 4300 12. 0 JU 74.43 11. :n 24 I. :!7 BO 
56 28. (i4 1000 4.2 8.0 94 4. 00 79, :moo 1.1. 470 7ll.:l:l 72.70 241.47 80 
57 28,63 JO()() 4. 2 8. I 06 :i, 00 80( :moo 11. 160 82. 17 1:;. I 9 241. 54 80 
58 28. G:l 1000 4,2 8. l 94 2. 00 80 :!500 10.200 68,44 G2.74 241. 42 80 
(ii) 28, G:l 1000 4.2 8. 0 90 b. 90 80( HOO 10,010 78.88 74. o:i 240.72 Ul 
U I 28. 55 117:i 3.7 7.6 90 4.05 80( 4700 11. '150 82. 51 72.47 205, 4G 81 
!i2 28.55 1170 3.7 7,G 00 :!. D7 80( 4300 10,770 80. 47 74. 00 206. 20 U2 
u:1 28. 56 1170 :i. 7:l 7.6 88 2. 92 801 5100 1·2. 790 U9. 12 56. 50 206. 12 82 
64 28. 57 1170 3. 70 7.5 87 I. 02 : 80f luoo 10.270 9.l. 42 0:;. oo 20G. :l5 U2 
u5· 28.58 1175 :l. 70 'I, G 87 1. JO 80! ~200 10. 520 78 .. 87 72.57 200. 1:1 112 
tj(i 28 G 1 740 5 15 8,8 82 4. 93 ', 80( 'l600 14. 40 92. 70 88. 18 :!28. HI 82 
72 28. (iO 1010 4.40 8. () 80 5:05 7-gr.; :moo 11. 578 a:i. 45 74, 8fJ 243,20 82 
77 2A U:J \175 :1 no 7 fi so 1, 05 ' RO! 14100 10 340 84.4G G2. 00 205, :l4 112 
u2 29. 06 7:l5 4, 75 8.6 04 4, U8 80( 3600 14,444 06.28 92. 1G 328, fJ6 70 
3:i 20. OU 7~·l5 4.85 8,G 06 3. 08 811 ~400 1:i. 643 8G. 50 77,44 328. :rn 70 
84 20, IHl 7:l5 4.85 8.6 96 2.90 8 l! tl400 13.GG7 65. 15 56. :ia :120. oo 7fl 
85 2.0, OH 7:!5 4.85 8.6 96 2.00 811 ·ti200 112. 842 07,75 96. 60 329.48 79 
BG 20. OG '750 5. 00 8.G 06 l. 0 80( 11600 14, 139 96, GU 89 80 :321.76 70 
94 2D. 12 1030 :i.110 8.0 00 -2,65 8.11 1700 4,908 74.60 74.60 238.48 81 
05 20, 12 1030 3. 80 8,0 90 -5. 15 811 3700 10.675 74.20 71. 23 237.83 82 
OG 20, 12 1070 4. 10 7,9 90 -'7. 45' au, 4400 12. 142 61. 03 53.3G 238.86 82 
07 29,2 1170 3. :l3 7.0 90 -.1. 20 81! 3500 8.923 07.28 61. 00 210. 14 81 
· 1105 29 or. 1040 3 ·so 0 0 l1n3 ·" •a·. Al( ,snn "o,io lo, nn lr<i nn I no•, o 1 IA~ 
TAij;LE v::....r OBS El ~VEP,) DATA 
'\i. 
·;.· 
' 
3 1 
Run Pb Ne(App) p pg T PS pd Time Wt. 1 Wt. 2 Time T V g Rev w No (in, Hg) (RPM) (in, Hg) (in Hf)) ('F) (psig) (psi1 ) (min,) (lbs.) (lbs,) (sec,) ('F) 
107 29,06 1040 3.80 8. 1 104 -6,35 810 1500 ·4,240 59, 60 58,85 234, 90 83 
108 29. 07 1165 3,70 7, 6 102 -1, 70 800 1600 !l.030 58.85 55, 20 207, 83 84 
113 29, 07 1065 3,90 7.9 95 4,95 qoo 150() 4,209 63,00 53,68 230,25 84 
114 . 29, 07 1060 3,90 7. 9 95 4,05 800 1500 4,220 61. 20 60,45 231,78 85 
115 29, 07 1055 3,90 7,9 94 2,90 805 1500 4,204 60, 45 58, 15 230, 74 86 
116 29, 07 1050 3,90 7.9 94 1. 80 810 1600 4,505 58.15 54,90 231,93 86 
117 29, 07 1060 3,85 7,9 94 0.93 810 1400 3,946 54. 90 53; 15 232, 17 87 
118 29. 07 1180 3. 80 7.5 94 4.9 800 1500 3,747 62 .. 70 49,.55 205 .. 01' 87 
120 29,07 1150 3, 70 7.6 94 3,95 810 1500 3.819 58 . .10 52,55 209,70 87 
121 29, 07 1150 3,70 7.6 94 3,03 820 1500 3,822 59, 30 48,45 209.45 87 
122 29,08 1150 3.65 7,6 94 1, 9 820 1400 3,578 58,80 48,05 209, 92 87 
123 29,08 1150 3,65 7.6 94 0.98 820 1400 3,676 62.35 59,70 210, 65 87 
124 29, 09 750 4.50 8.6 86 -0,80 820 1800 6,756 63, 25 62,25 326,49 83 
126 29. 09 750 4.50 8,6 86 -3. 05 820 1400 5,571 62,25 58,55 326.81 83 
126 29,09 750 4,50 8.6 86 -6. 15 820 1500 5,948 58,55 56, 15 328.61 83 
127 29, 09 800 4,95 8. 5 86 -8,40 820 1600 5.897 56, 15 55,00 328.32 84 
129 29. 05 1010 3,50 8. 1 92 o. 98 810 1700 5,033 60,90 60,55 243.76 85 
133 29, 06 1000 3,46 8.2 105 4,83 820 1400 4,164 58, 06 58,05 245,64 85 
134 29,.05 1000 3,45 8.2 101 5,95 820 1500 4,439 58,06 57,95 246, 15 85 
135 29, 06 1016 3,60 8.2 100 7. 00 820 1600 4,627 58.50 57. 10 245.79 85 
136 29. 02 1130 4, 2 8.0 100 7.80 820 1600 4, 171 57,10 54,30 243,30 86 
137 29, 02 1170 2, 9 7,6 100 . 96 810 1600 4.013 58,96 55,00 206. 96 86 
138 29. 02 1180 3,0 7.6 99 3.06 820 1500 3,733 55,00 48.70 205,40 86 
139 29, 02 1180 3,0 7.5 98 4,05 820 1400 3,479 k]O, 20 55.30 205. 19 86 
140 29, 02 1180 3,0 7,5 98 5,05 820 1600 3,968 55,30 49,80 205. 61 87 
141 29, 02 1230 3, 2 7. 3 98 6,03 830 1700 4.053 59,00 47,90 205,02 87 
142 • 730 4,2 8.6 90 o. 7 820 1500 6,094 57, 60 55, 10 333,46 86 
143 710 4. 1- 8.5 90 4. 3 820 1400 6,826 55, 10 51. 76 342,07 85 
144 . 700 4,0 8.5 90 6.38 840 1500 6,260 68,20 58. 20 346,22 85 
146 710 4,0 8,5 89 8. 15 850 1500 6,234 61.70 56,00 360,40 86 
148 4.8 8.4 89 -8.53 850 1500 5. 563 56,00 54.65 331.92 85 
149 1170 3,2 7. 5 89 -3,90 820 1500 3,791 54.55 51. 90 209,38 86 
150 1190 3, 3 7,5 89 -4,95 820 1500 3,731 59,45 52,50 208, 90 86 
151 1210 3,4 7,4 88 -6.00 820 1600 3,669 59,00 52,20 209,41 86 
152 1236 3, 5 7.4 88 -6,30 800 1700 4,053 59.40 63,30 206.84 86 
TABLE V- I-CONT'D 0 BSERVED DATA 
•,. 
RUN 
NO 
29 
30 
31 
32 
33 
' 
RUN NO 
40 
41 
42 
44 
45 , 
TABLE y:.. II 'l"ABUL..1~R RESULTS 
0 
N, = 250 lp 
PS 
5.00 
3. 99 
3.02 
2,03 
0.94 
0 
N. ·- 400 lp 
--
p 
. s 
5,00 
3, 98 
2.98 
2.00 
0.97 
'fl 
97.65 
97.46 
97.45 
97.57 
97.46 
Y/ 
97.20 
97,07 
96. 60 
97,03 
97.03 
Double Suctic n 
N. 0 lp = 350 
,,.._. 
Rl N p Nb s Y/ 
35 4.96 97,25 
--
36 4.07 97.23 
1--
37 3. 03 97.23 
--
".__ __ ,,.. _,..n 
-
38 1. 97 97; 16 
... 
39 1. 05 97.21 
' -"""="=""·---· - -·- ......,, _____ --.. ~----------.. 
--·-
32 
0 
initial speed = 250 rpm 
RUN p 
NO s r, 
-
46 5.03 97.59 
47 4.00 97.49 
50 2.93 97.21 
51 2.00 97.36 
.JL.: u. tl.J ;;:,o. U.L 
124 -0. 80 97.48 
125 -3.05 97.39 
126 -6.15 96. 56 
127 -8.40 89.88 
TABLE V-III · TABULAR RESULTS 
RUN 
NO 
55 
56 
57 
58 
oU 
129 
133 
134 
' 
135 
· 136 
SIDE SUCTION 
0 
N. = 350 rpm lp 
p 
s r, 
5.03 97.32 
4.00 97.38 
3.00 97. 17 
2.00 97.45 
U. l:IU l:I'(. 99 
-0.98 97.29 
-4.83 97.10 
-5.95 96.74 
-7.00 94.30 
-7.80 85.75 
RUN 
NO 
61 
62 
63 
64 
65 
137 
132 
139 
140 
141 
0 
N. = 400 rpm lp 
p 
s YJ 
4.95 97. 18 
3.97 97. 12 
2.92 97. 12 
1. 92 97.06 
1. 10 97 .• 18 
-0.95 96.94 
-.3 .. 05 96 .. 7.3 
-4.05 96.78 
-5.05 96.39 
-6.03 92.73 
L,.) 
Cu 
TABLEV- N•.·• TABULAR RESULTS 
CENTER SUCTION 
0 0 0 
N. = 250 rpm N. = 350 rpm N,__ = 400 rpm 
-
I'-
RUN p RUN p RUN p 
NO s l1 NO s ri NO· s rJ 
82 4.93 97. 56 113 4.95 97. 17 118 4.95 97. 01 
L 
83 3.90 97.56 114 4.08 97.23 120 3.95 97.01 
84 2.97 97.39 115 2.90 97.24 121 3.03 97.01 , 
86 1.97 97.27 116 1. 80 97. 16 122 1. 90 97. 06 
~,... 
- nn 
....... -. ....,.,,. o. 98 97. 12 UV U. au ~I• .:JU 
.L .L ' u. 9;:s l37.To 123 
142 -0.70 97.52 94 -2.65 97. 02 97 -1. 20 96. 95 
143 -4.30 97. 36 105 -4. 20 97. 14 108 -1. 70 96. 93 
144 -6.40 96.38 95 -5. 15 97.09 149 -3.90 96.62 
-
146 -8.15 92. 20 107 -6.35 97. 01 150 -4.95 95. 10 
148 -8.57 89.47 96 -7.35 92.23 151 -6.00 93. 02 
152 -6.30 92. 11 
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CHAPTER 
The purposes of this study, a.s .stated in Chapter I, 
were: 
lo To determine the effect of suction pressure 
on volumetric efficiene and pump perform-
ance for eaeh of three u.etionpiping ar-
rangements and each of hree speedso 
2o To determine capacity, fficiency and power 
as functions of pump sped. 
It may be concluded that 
fiedo 
se objectives were satis-
The first startling results of this test,to one unfa-
miliar with the test apparatus, 
ficiencies obtainedo Actually, 
the high volumetric ef-
values are realistic 
because the pump tested was a ne ·pump and laboratory fa-
eilities used in the test were v 
noted is that volumetric effieie 
crease in pump speed. 
Several interesting facts 
good. A point to be 
decreased with in-
be discovered by exam-
ining the various curves shown i Chapter :V. One such 
fact is the effect of valve spri This is indi-
eated by the increase in volumet efficiency at low pos-
41 
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itive pressureso .All the voltULe efficiency curves 
show the same trendo Volumetric efficiency tends to de-
crease slightly until is reached, then the 
curves begin to rise. · ...· Possibly, the higher pressures, 
the suction pressure is.great overcome the 
,_ ..... ·,, .. 
forces of the valve springs. intake valve is held 
. . .·. . 
open for a short period 'of time·. s;'t:fu.~· plunger begins its 
discharge stroke allowing . some ,'.! :~id.· to flow back into the 
·. :. ·. ·· .. ·:.;·::.~<·· 
suction chamber. ;;rn a. similar m . , ·· .~r, some loss in effi~·· 
ciency occurs because of the fin te time required for the 
discharge valves to close • .At 1 w pressures of +2 psig 
and below, the intake valves are not opened by the suction 
pressureo It may be noted that his effect is more pro-
nounced at low speedso. Another nteresting point is that 
the single side suction shows a reater increase for the 
low speeds and low pressures th does either of the other 
two conditions, (Curve No~ 2).. ome engineers attribute 
this effect to a supercharging a tion resulting from fluid 
,.,..-i~·.,.;t\~ ?~;--: · ... 
vibrating against the blind flan e, (Figure No·1;;: :2'~1 .. ) 
. ' 
At· t3 psig, · double suction, ;fOO rpm., the volumetric 
efficiency dropped approximately 0 .. 57%0 · A thorough check 
of data and calculatio:ns wa~ .. ·.ma;d .and no grounds were found 
to question the validity of this reading. No.obvious rea-
son offered itself to explain th s unexpected oecurrenceo 
Noted design engineers concluded· after considerable dis-
cussion, that the natural freque ey of the valve spring 
must have been reached for anin ta.nt .. 
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Results of this study indicted no significant dif-
ference in volumetric efficiency power required, capacity 
or over-all efficiency, while op rating the pump with any 
of the three piping arrangements consideredo Cavitation 
accompanied by excessive vibrati .n occurred in the range 
of pressures from+ 5 psig to+ .5 psig, depending upon 
pump speed for both center suction. Although re-
~ults indicated little differenc in pump performance for 
the three conditions, the pumps ems to run more stably, 
with center suctiono ve been due to the loca-. 
tion of the suction stabilizer. 
Attention should be drawn t the fact that a suction 
stabilizer was used in the sucti n pipi:mg and a desurger 
in discharge piping to dampens· ges, thus facilitating 
pressure measurementso t was made to run the pump 
without a suction stabilizer, bu damaging vibrations de-
veloped in the test apparatuso he writer suggests using 
a suction stabilizer of some nat re in suction piping for 
speeds greater than 300 rpm. 
It is the writer's opinion hat study should be made 
of the possibility of streamlini g the intak~ manifold 
while employing a center suction arrangement. The writer 
suggests that elimination of the pockets at each end of the 
manifold would result in smoothe operation and slightly 
higher efficiencyo 
Results of this study also ndicated that investiga-
tion should be made to provide a m~thod for correctly 
sizing both intake and discharge valve springs. 
lo 
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APPENDIX A 
DETERMINATION OF PO R OUTPUT OF A 
; 
BUDA INDUSTRIA ENGINE 
One of the most difficult lems encountered in this 
study was the determination of po r input to the triplex 
pump,. Consideration was given to everal methods. These 
included: 
1) Determining torque by ·mou ting strain gages on the 
engine shaft between the lutch and belt pulley .. 
2) A dynamometer arrangement. 
3) Cradling the engine and m asuring torque directly. 
4) Determining power output f the engine as a function 
of manifold pressure and ngine speed. 
The last method was suggested by an engineer with the 
Mid-Continent Pipeline Company. I required less alteration 
of equipment and was most desirabl from an economical stand-
point since facilities were availa le at the Mechanical Engineer-
ing Laboratories for performing th required test. This method 
was chosen,. 
The engine was moved to the M chanical Engineering Laoora-
tories, installed in the G.E,. dyna o:m.eter test stand and tested. 
A summary of the complete tes is presented in this 
appendix .. The following items included in this 
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presentation: 
1) Stated objective of the est 
2) A summary and conclusion 
3) Results of test 
4) Estimation of test 
Objective 
The objective of this test wa to determine the power 
output of a Buda Industrial Engine, Model K-428, as a function 
of manifold pressure and speed. 
Summary and Cone usions 
The ultimate purpose of this est was as stated in the 
test objective. Of primary intere twas the determination of 
power output. The extent of"" this est was limited to a range 
of speeds between 1600 rpm and 500 rpm and values of torque 
from 80.53 ft./lbs. to 225.84 ft./ bs. In order to obtain 
sufficient data to complete the te t satisfactorily, approxi-
mately 70 runs were made. Some of these were thrown out 
because of mechanical failures of 
test procedure. 
and errors in 
Several items usually found i a report of this type were 
omitted in this appendix.. Among omitted items was a com-
plete description of instrumentati n employed. The writer 
would like to empl:lasize, however, tat the facilities at the 
Mechanical Engineering Laboratories were elaborate, and that 
all instrumentation used in obtaini g those quantities pertinent 
to the fulfillment of the stated bjective was satisfactory 
under American Society of Mechani Engineers codes; hence, 
quire sufficient to yield accepta le results. 
Results of this test are presented as three curves of 
load versus manifold pressure. Te term load refers to the 
actual scale reading read directly from the dynamometer 
scales. Results were left in this form because power is 
easily calculated with values ad and speed. The length 
of dynamometer torque inches or lw7507 fe~t. 
With this torque arm, horsepower 
Load eed (rpm) 
instead of the usual: 
Torque (ft/lbs) x peed (rm) 
5252 
The value of 1.7507 is 
525.2 
3000. 
The results of the test plott d were nearly straight 
lines indicating good results. 
The accuracy and validity of he test were excellent 
within the range of speeds and considered. This is 
shown in Table A-1 which consists a comparison of power 
as obtained from the curves and ac al test values. The 
comparison was made for random throttle settings. It indi-
cates that within the test range, p wer output of the engine 
can be predicted within 2.0 per cent. 
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TABLE A-I 
VERIFICATION OF ENGINE CALIBRATION DA TA 
Engine Manifold Esti- Actual Esti- Actual Error 
mated Speed Pressure Load Load mated HP o/o (RPM) (in Hg) (lb) (lb) HP 
1404 28.0 110. 0 108.5 51. 5 50.8 +1. 38 
1598 27.7 101. 2 101. 5 53.9 54. 1 -0.37 
1503 27.8 105.2 105.0 52. 7 52.6 +o. 19 
995 28.5 127.,. 0 126. 0 42. 1 41. 8 +o. 72 
900 25.3 106. 5 105.0 32.0 31. 5 +1. 59 
1199 23.3 85. 0 83'.'5 34.0 33. 4 +1. 80 
' 1197 23.3 85. 0 84.0 33.9 33. 5 +1. 19 
1507 21. 2 62. 2 61. 0 31. 2 30.6 +1. 96 
APPENDIX 
THE VOLUMETRIC TANK ND DIVERTER 
The flow rate was measured by the diverter method. In 
the method used all readings were ade at a static condition 
which gave a very high accuracy. 
The apparatus used consisted f three main parts: 
1) Diverter (Figs. B-1, B-2, B-3) 
2) Tank (Fig. B-1) 
3) Electric timer 
The tank and diverter were fa ricated for the purpose of 
high~accuracy determination of flo rate and ease of use. 
The large part of the tank approximately thirty inches 
in diameter and six feet high. small ends were six inch 
pipe. The upper and lower referen es were ten feet and one 
inch apart. 
The upper and lower reference are on the same level as 
the small diameter parts of the The references were 
placed at this level so that an er oneous meniscus reading 
would make a small volumetric erro in proportion to the 
total volume of th.e tank. the primary reason for the 
volumetric tank being built as sho Figure B-1. 
The diverter was powered by a air cylinder which was 
controlled by a solenoid. The cylinder operated under an air 
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FIGURE B-1 
V O L lI :.; :S T R I C T .~ H K 
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0-'ri~~o I 
se~ 
~ 
Air Cylinder 
Fig. B-2 - CROSS-SECTION SKETCH OF DIVERTER 
/Gate Valve (for vent purposes) 
Rubber Plug 
Brass Seat A Brass Seat B 
L II I~ 
. Ir I °(/ "" . 
ange From Pump 
To Tank 
D. 
_J, 'L 
Note: 
(b 
[Fl 
,--- t 
Micro Switch 
To Channel 
Piping and connections 
are standard 211 except 
vent gate valve which 
is 3/ 4 '' standard \...fl + 
FIGL-P.E B-3 
DIVERTER 
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pressure of 125 pounds per square inch gage furnished by the 
laboratory air compressor. 
The timer used measured to 1 100 of a second and was 
powered by conventional 60 cycle lternating current. 
A. Tank Calibration 
The upper and lower referenc s were marked on the sight 
glasses. The volume between the eferences was found by first 
running the tank full and then dr it to the lower refer-
ence. Then approximately 200 pou water was run into 
the barrel on the scales. The b rrel of water was weighed 
before and after being drained. his process was repeated 
until the level of the water was the upper reference. The 
weight of water added each time then divided by the speci-
:f'.ic weight of the water for its t mperature prior to being 
drained. These quotients were su ed to get the volume of 
the tank. The entire procedure w repeated adding 
approximately 150 pounds each and then again adding 
approximately 100 pounds each This was done to help 
eliminate inherent inaccuracies i the scales. The d~ta 
recorded in calibrating the tank ·s included in this appendix. 
B. Measurement .. of .:Fl.ow. ~a t:e. 
The procedure used in measur·ng the flow rate is pre-
sented in step form. 
1) The tank was filled and rained. The level was 
.·:brought to . the: lower ref·. rence -inimedia te ly. 
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2) After steady state·condi ions were reached, switch 
"Cit was closed which ene gized the solenoid and 
caused the cylinder tom ve the rubber plug from 
seat TIA" to· sea,:t IIB .. " H lfway between "A" and "B" 
the brass rod connected o the piston tripped the 
microswitch·"Dh and stared the timer. 
. ·:,· 
3) After the.level had rise such that it was within 
twelve inches of the upp r reference, switch "A" 
was openede .· This divert d the flow around the tank 
and stopped the.timer wh n the piston was halfway 
from "B" to ''A.'~'.t· 
4) The tank was vented and he.time was recorded from 
the timer. 
5) The we'ight of the barrel .. and water was recorded. 
6) .The water level was brou ht to the upper reference. 
7) The barrel. and wa.ter wer reweighed and this weight 
was .subtracted from the eight in step 5. This re-
mainder was divided byte specific weight of water 
and this quotient was su tracted from the volume of 
the tank. 
8) The flow rate was i;hen c lculated by dividing the 
last remainder in step 7 by the time recorded in 
step 4. 
NO 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Gross Tare 
Wt. - lbe Wt - lbs 
250. 00 . '5LB'5 
236. 75 51. 99 
235. 80 52. 00 
244. 12 52. 20 
249.00 52.20 
250. OQ 52. ~O 
250. 00 50. 80 
248. 20 51. 10 
248 .. 50 51. 50 
249. 00 50. 60 
248 15 6H 45 
12 249.31 
13 182. 11 
14 206. 10 
15 191..13 
16 194. 03 
17 193. 74 
18 205.16 
19 202.34 
20 203.56 
21 212.17 
22 207. 21 
23 206.50 
24 211.00 
?.!; ?.()1 7?. 
I 51. 63 
51. 28 
51.46 
51.42 
51.85 
51. 37 
51. 77 
53. 71 ' 
· 52. 71 
52.31 
53.25 
53.04 
52.77 
R() 1Q 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4. .[; ' 
159. 97 51. 33 
156. 02 51. 57 
156, 18 511. 51 
153. 50 5'1. 95 
1513. 00 50. 75 
15'0. 96 51. 07 
156. 34 51. 34 
160.08 50.51 
158.17 52. 04 
158. 61 50. 75 
162. 01 52. 11 
155. 26 52. 26 
230. 81 52 •. 37 
192. 45 50. 76 
15.7. 81 51. 87 
157. 60 52. 39 
158. 14 52. 43 
158. 00 52. 89 
158. 11 51. 76 
7!'.l. 51 ...... 7.6 5R 
TABLE B· I 
Net t ~ I W' Wt. - lbs .·. 
198. 15 
185.26 
183.80 
191. 92 
196.80 
197.80 
19£). 20 
197.10 
197.00 
198. 40 
179.70 
197.68 
130.83 
11)4.64 
1$9.71 
142. 18 
142 .. 37 
153 •. 39 
148. 63 
;150.85 
159.86 
153.96 
153,46 
158.23 
1 Li1. 1;1 
108.64 
104.45 
104.67 
101.55 
105. 2 5 
109.89 
105.00 
109.57 
106. 13 
~07.86 
109.90 
103.00 
178.44 
141.69 
105 •. 94 
105.21 
105. 71 
105. 11 
106.35 
.... ?.. oi::. .... 
63.5 
64.4 
. 64.J4 
,64./4 
'64.;4 
64.,4 
64.14 
64.4 
64.4 
64)4 
64.;4 
63.5 
63.5 
64.4 
65 •. 3 
65.3 
65.; 3 
65.i 3 
65.' 3 
65.: 3 
6 5.' 3 
65. 3 
65.3 
55:,3 
R!'l:1 
65:. 3 
65.3 
65.3 
65.3 
66., 2 
66.2 
66.2· 
66.2 
'66.2 
66 .. 2 
fr6. 2 
66.2 
66.: 2 
66J 2. 
66)2 
66~2 
66.2 
66.2 
6.6-.2 
' g8;?. 
1't @63.5°F = 62.316 
1't@ 64. 4° F = 62. 307 
198.15 1926~08 
+ -~~ 62. 315 62. 303 V = 
- 34.10.7 
')'t @63. 5 = 62. 31~ 
y t@ 64. 4 = 62. 307 
1't@ 65. 3 = 62. 300 
328. 51 1646.17 
V = 62. 315 + . 6"2. 3 00 > 
154.6L 
+ 62.307 
- 34. 177 
1't@ 65. 3 = 62. 300 
1't @66,2 = 62.295 
419.31 
V = 62~ 300 
1708.00 
+ 62.295 
34. t48 
Average V = 34. 144 
APPENDIX C 
SAMPLE CALCQ TIONS 
· ........ - '. 
This appendix includes a su ary of the calculations 
necessary to obtain the desired r sults. All calculations 
are made for run #44. 
Quantit;ies'/of::d:nterest·.in:: .. th s·::study were: 
Volumetric iencyr/v 
Y) V = 
where 
The "t;ank volume Yt was determined as outlined in.Appendix B 
and. found to be: 
·.\ 
then 
consider now: 
Vt 34.144 ft. 3 
-w 
= . 1 ~ 0.1360 
N X D p 
.·o .166;3 cf s 
where D. ;= 
Qt 
(Area er) (StroQ) (No. of Cylinder) 
i728 · in3 ) f t 3 
then D ~ (4.9087 in2 ) ( == 2.5566 X 10-2 : ft3 rev 
(3) 
and N Rev 
P = Tiine = =. 402,62 rpm 
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ship 
60 
therefore, . _ Qt = (N:) (D) = .1715 
= 
96.,97 
Brake Horse 
BHP was calculated accordin to the following formula: 
BHP = Load X N. 3000. 
This formula isa variation of the ordinary relation-
BHP = TN 5252 T 
5252 
= ·Load x 3000 
Load was obtained from ,engi atcalibration data. (See 
I 
Appendix A) Ail that is needed manifold pressure in 
in. Hg. abs. and engine speed, 
p . = Pb .. ,,- p = 28.7 m V 
N-
- N X dp ··=· N X 
·~ p- ae p 
From . -curve A-2:; .. Loa 
= 
Capacity 
- .3 .85 
2.95 402.6 
= 97.0 
38.4.0 
bbls/hr 
· cfs 
24.90 
X 2.95 = 1187.6 
(.1663)(641.14) 
106.62 
61 
Efficiency r, 
where WHP is the usable power available from the water and is 
WHP = ~~~ 
where H, the energy of the fluid, is' defin d by the equation 
The first three terms of the right ide of the above equation are 
from the very common Bernoulli equation The first and third terms are 
small compared to the second. The fifth erm of the right side is also 
small compared to the second term. The fourth term can be written 
u 2 - u 1 · = 778 (At ) 
where At is the change in temperature o the water while in the pump. w 
Although At is small, it could be signifi ant in some cases. Because 
w 
of a lack of equipment,, Atw was not meas red in this case. H now re-
duces to 
Since p 2 = pd and is accurate to I 10 psi,, p 1' which was never this large 
in absolute value, can be neglected. Now 
Q'Y 
pd 
Qpd -
WHP = 'Y = 550 550 (whe e pd is in psf g) 
= 
Qpd 
3.819 {whe e pd is in psig) 
WHP = 34. 83 for run #44 
WHP 
then 'YJm = BHP = 90. 70 
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